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(S) Methods of and apparatus for making coated optical fiber. 

(57) In the manufacture of coated optical fiber, 
fiber (21) is drawn from a preform (22) and 
coating with one or preferably two layers (42.44) 
of light curable coating materials. Afterwards, 
the coating materials are cured. Increases in 
manufacturing line speed may be achieved if 
the cure speed of the coating materials is in- 
creased. This is accomplished by the simul- 
taneous application of a magnetic field during 
irradiation of the curable coating materials to 
enhance the crosslinking of the coating mate- 
rials by a free radical polymerization mechan- 
ism. Upon absorption of light, a photoinitiator in 
each composition cleaves to produce two free 
radical fragments in the spin paired or singlet 
state. The magnetic field has the effect of en- 
hancing the production of spin parallel radicals 
which enhances the polymerization initiation of 
the coating material, thereby allowing an in- 
crease in the manufacturing line speed through 
drawing and coating apparatus. 
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METHODS OF AND APPARATUS FOR MAKING COATED OPTICAL FIBER 



Technical Field 

This invention relates to methods of and 
apparatus for making coated optical fiber. 

Background of the Invention 

Typically two layers of coating materials are 
applied to drawn optical fiber. Furthermore, two diffe- 
rent kinds of coating materials are used commonly. An 
inner layer which is referred to as a primary coating 
material is applied to be contiguous to the optical 
glass fiber. An outer layer which is referred to as a 
secondary coating material is applied to cover the 
primary coating material. Usually, the secondary coat- 
ing material has a relatively high modulus, e. g. 10 9 
Pa, whereas the primary coating material as a rela- 
tively low modulus such as, for example, 10 6 Pa. In 
one arrangement, the primary and the secondary 
coating materials are applied simultaneously. Such 
an arrangement is disclosed in U.S. Patent No. 
4,474.830. 

Subsequently, both the inner and the outer layers 
of coating materials are cured beginning from the out- 
side progressing inwardly. Also typically, the primary 
and the secondary coating materials comprise 
ultraviolet light curable materials each being charac- 
terized by a photoactive region. A photoactive region 
is that region of the light spectrum which upon the 
absorption of curing light causes the coating material 
to change from a liquid material to a solid material. 
Both the materials which have been used for the prim- 
ary and for the secondary materials have comparable 
photoactive regions. Because the photoactive regions 
are comparable, the curing light for the primary coat- 
ing material will be attenuated by the secondary coat- 
ing material. As a result of the attenuation, less light 
reaches the primary coating material. 

Of course, notwithstanding the attenuation of the 
curing light by the secondary coating material, it is 
important that the primary coating material be fully 
cured. This problem has been overcome in the prior 
art by reducing the line speed to allow longer expos- 
ure time of the primary coating material to the 
ultraviolet curing light energy inasmuch as the 
ultraviolet curing light energy is inversely proportional 
to line speed. 

Although the foregoing solution is a workable 
one, it has its shortcomings. Most importantly, any 
reduction in line speed is not desirable and runs 
counter to current efforts to increase draw lengths and 
to increase substantially draw speeds of the optical 
fiber. 

What is needed and seemingly what is not dis- 
closed in the prior art is a coated optical fiber which 



overcomes the foregoing problem of attenuation by 
the secondary coating material of the light energy 
used to cure the primary coating material without com- 

5 promising line speed. 

The foregoing problem has been exacerbated 
because, presently, optical fiber manufacturers are 
attempting to provide larger preforms to allow the 
drawing of a longer length of fiber from each preform. 

10 Also, there is a strong desire to decrease the time 
required to cure the coating materials. Should this 
desire be realized, then increases in line speed could 
be achieved. 

Any solution to the problem of increased cure 

is speed desirably is accomplished without changing 
the composition of the coating materials. Should 
those materials be changed, expensive, time con- 
suming testing would have to be carried out to requal- 
ify the coating system. Also, any increase in cure 

20 speed desirably should be carried out without the 
addition of curing lamps or without the lengthening of 
the curing portion of the manufacturing line. 

More particularly, what is needed and what seem- 
ingly is not available in the prior art is a coating 

25 arrangement for increasing the cure speed of coating 
materials for optical fiber. The sought-after methods 
and apparatus should be capable of being integrated 
into existing optical fiber draw lines and should be 
able to be implemented without the need to change 

30 the chemical composition of the coating materials of 
the coating system. 

Summary of the Invention 

35 The foregoing problems of the prior art have been 

overcome by the methods and apparatus of this 
invention. In a method of making optical fiber, fiber is 
drawn from a preform and provided with one or pref- 
erably two layers of coating material. Each of the coat- 

40 ing materials is an ultraviolet light curable composition 
of matter. After the coating materials have been 
applied to the drawn fiber, the coating materials are 
cured. Then the drawn coated fiber is taken up. 

In order to increase the cure speed of the coating 

45 layers, the coating materials are exposed to a mag- 
netic field at the same time they are exposed to 
ultraviolet light. The magnetic field has the effect of 
enhancing the production of spin parallel radicals 
from a photoinitiator which has been promoted to its 

so excited state by absorption of ultraviolet light As a 
result, the polymerization initiation of the coating ma- 
terial is enhanced, allowing the overall cure speed to 
be increased. 

55 
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Brief Description of the Drawing 

p,G. t is a schematic view of a manufacturing line 
for drawing and coating optical fiber; 
FIG. 2 is an end view in section of an optical fiber 
having a coating system thereon; 
FIG. 3 is a diagram to show a free radical polym- 
erization mechanism for a photoinitiator; 
FIG. 4 is a perspective view partially in phantom 
of a curing chamber in which coating materials on 
drawn optical fiber are cured and exposed to a 
magnetic field during cure; 
FIG. 5 is a graph which depicts equilibrium mod- 
ulus versus dose of an optical fiber UV curable ink 
with and without being subjected to a magnetic 
field during cure; 

FIG. 6 is a graph which depicts equilibrium mod- 
ulus versus dose of an optical fiber ultraviolet light 
curable coating material with and without being 
subjected to a magnetic field during cure; 
FIGS. 7 and 8 are graphs depicting equilibrium 
modulus versus dose of two other optical fiber 
ultraviolet light curable coating materials with and 
without being subjected to a magnetic field during 
cure; 

FIGS. 9 and 10 are histograms which show the 
increase is equilibrium modulus of optical fiber 
coating materials due to the application of a mag- 
netic field during cure at increasing levels of UV 
dose; and 

FIG. 11 is a histogram which shows the increase 
in equilibrium modulus of an optical fiber ink due 
to the application of a magnetic field during cure 
at increasing levels of UV dose. 

Detailed Description 

Referring now to FIG. 1. there is shown an 
apparatus which is designated generally by the num- 
eral 20 and in which is used to draw optical fiber 21 
from a specially prepared cylindrical preform 22 and 
for then coating the drawn fiber. The optical fiber 21 
is formed by locally and symmetrically heating the 
preform 22, typically 7 to 25 mm in diameter and 60 
cm in length, to a temperature of about 2000°C. As the 
preform is fed into and through a furnace 23. fiber 21 
is drawn from the molten material. 

As can be seen In FIG. 1 , the elements of the draw 
system include the furnace 23 wherein the preform is 
drawn down to the fiber size after which the fiber 21 
is pulled from a heat zone therein. The diameter of the 
fiber 21 is measured by a device 24 at a point shortly 
after the fiber is formed and this measured value 
becomes an input into a control system. Within the 
control system, the measured diameter is compared 
to the desired value and an output signal is generated 
to adjust the draw speed such that the fiber diameter 
approaches the desired value. 



After the diameter of the optical fiber 21 is 
measured, a protective coating system 25 (see also 
FIG. 2) is applied to the fiber by an apparatus 27. Pre- 
servation of fiber strength requires the application of 
5 the protective coating, which shields newly drawn 
fiber from the deleterious effects of the atmosphere. 
This coating system must be applied in a manner that 
does not damage the surface of the fiber 21 and such 
that the fiber has a predetermined diameter and is 
10 protected from abrasion during subsequent manufac- 
turing operations, installation and service. Minimizing 
attenuation requires the selection of a suitable coating 
material and a controlled application of it to the fiber. 
Such a coating apparatus may be one such as that 
15 described in prioriy identified U.S. Patent 4,474,830. 
Minimizing diameter variation which in turn minimizes 
the losses due to misalignment at connector and 
splice points requires careful design of the draw sys- 
tem and the continuous monitoring and control of the 
20 fiber diameter during the drawing and the coating 
steps of the process. Then, the coated fiber 21 is pas- 
sed through a centering gauge 28. 

After the coating materials have been applied to 
the drawn fiber, the coating materials must be cured. 
25 Accordingly, the optical fiber having the coating mate- 
rials thereon is passed through a curing chamber 30 
for curing the coating system and a device 32 for 
measuring the outer diameter of the coated fiber. 
Afterwards, it is moved through a capstan 34 and is 
30 spooled for testing and storage prior to subsequent 
cable operations. 

In the apparatus 27, the coating system 25 com- 
prising two coating materials is applied to the optical 
fiber. The coating system 25 includes an inner layer 
35 42 (see FIG. 2) which often is referred to as a primary 
coating material and an outer layer 44 which often is 
referred to as a secondary coating material. The coat- 
ing material of the inner layer which has a substan- 
tially lower modulus than that of the outer layer, is 
40 such that it prevents microbending of the optical glass 
fiber. On the other hand, the higher modulus outer 
layer provides mechanical protection for the drawn 
glass fiber. 

Each of the coating materials is curable by being 
45 exposed to a portion of the light spectrum. It is com- 
monplace to use ultraviolet light curable coating mate- 
rials which are crosslinked by a free radical 
polymerization mechanism. Generally each of the 
coating materials includes an oligomer, a diluent and 
so a photoinitiator. Also included may be additives such 
as, for example, antioxidants, adhesion promoters, 
ultraviolet (UV) light stabilizers, surfactants and shelf 

life stabilizers. 

A first step in such a polymerization mechanism 
55 is the absorption of incident ultraviolet irradiation by 
the photoinitiator constituent of each coating compo- 
sition (see FIG. 3). The photoinitiator upon exposure 
to suitable light energy is promoted to an excited 
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singlet state which is a precursor for a caged singlet 
radical pair. Subsequently, the photoinitiator of each 
coating material in its excited singlet state cleaves to 
produce a caged radical pair, which is usually in the 
spin paired or singlet state. 5 

In order to initiate polymerization, the two radical 
fragments must diffuse apart from each other and 
react with other constituents of the fiber coating mate- 
rials. The radicals must diffuse out of the cage. 

Subsequently, the radicals diffuse from one w 
another and interact with coating material such as 
acrylates, for example, that can undergo free radical 
polymerization. Some of the photoinitiator in the 
excited singlet state is converted to a triplet state by 
a process which is referred to as intersystem cros- is 
sing. This conversion results in a population of the 
excited triplet state. Upon cleavage from the excited 
triplet state, a triplet or spin parallel radical pair is for- 
med. Radicals diffuse from one another to interact 
with materials such as acrylates, for example, that are 20 
capable of undergoing radical polymerization. 

For polymerization to occur, radicals must move 
out of an associated cage by diffusion which is much 
faster for a triplet radical pair than for a singlet radical 
pair. Because the free electrons of radicals in the 25 
singlet radical pair are spin paired, they are poised to 
cause bonding. In contrast, free electrons in a triplet 
radical pair are spin parallel. Because spin parallel 
radicals repulse one another, their recombination is 
reduced. Also, because spin parallel or triplet radical 30 
pairs repulse one another, the rate of diffusion of the 
caged radicals produced from the excited triplet state 
on the right of FIG. 3 is higher than for the singlet 
stage. As a result, the photoinitiator radicals from the 
triplet radical pairs are more readily available to 35 
initiate polymerization. The diffusion rate of the triplet 
radicals from one another is enhanced to combine 
with other components to cause crosslinking. 

Unfortunately, the efficiency of the diffusion of the 
two radical fragments from each other and hence the 40 
rate of polymerization is reduced by the propensity of 
the free radical pair which are in the singlet state to 
combine with each other. As a result, a rate determin- 
ing step in the manufactue of optical fiber is the curing 
speed of the ultraviolet light curable coating materials. 45 

Long sought after has been a way in which to 
increase the cure speed. One way in which to do this 
is to increase the rate of polymerization of the coating 
material which has been applied to the drawn optical 
fiber. 50 

This problem of achieving an increased cure 
speed has been overcome by the application of a 
magnetic field to the optical fiber coating simul- 
taneously with the exposure of the two layers of coat- 
ing materials to ultraviolet light energy for curing. The 55 
exposure to the magnetic field is effective to cause-the 
excited singlet state of the photoinitiator to be conver- 
ted to its excited triplet state. The free radical pair 



derived from the singlet state will be spin paired and 
the free radical pair derived from the triplet state will 
be spin parallel. Because diffusion efficiency of the 
triplet radical pair fragments from one another is sub- 
stantially greater than the diffusion efficiency of the 
singlet radical pair fragments from one another, the 
cure speed of material systems which can undergo 
free radical polymerization, such as optical fiber coat- 
ings, for example, and hence the production rate of 
systems which can undergo free radical polymeri- 
zation such as optical fiber coatings is enhanced 
greatly by the application of a magnetic field simul- 
taneously with the irradiation curing of the coating 
layers. 

Although recombination can occur in a triplet radi- 
cal cage through a mechanism referred to as spin flip, 
recombination in a triplet radical cage is not nearly as 
apt to occur as in a singlet radical cage. A more effi- 
cient escape of photoinitiator radicals from one 
another allows a more efficient initiation of polymeri- 
zation. The diffusion and hence the polymerization is 
much more rapid from the triplet radical pair than from 
the singlet radical pair. When the photoinitiator is sub- 
jected to a magnetic field at the same time it is exp- 
osed to curing energy, the magnetic field enhances 
intersystem crossing from the singlet state to a triplet 
state. The magnetic field may be such as to provide 
a higher rate of intersystem crossing and thus serves 
to increase the concentration of free radicals. 

The polymerization of the coating materials is 
greatly enhanced by the exposure of the coating 
materials to a magnetic field simultaneously with 
exposure to light curing energy. As a result, the curing 
of the coating materials of the inner and outer layers 
is accelerated, which advantageously allows an 
increase in speed of the fiber draw line. 

The curing chamber 30 provides such enhanced 
curing of the coating material or materials. Typically, 
the curing chamber 30 (see FIG. 4) is provided with a 
housing 52. Disposed within the housing 52 is a 
quartz tube 54 having a longitudinal axis 56 parallel 
to that of the housing. The quartz tube 54 is adapted 
to have the drawn optical fiber 21 moved therethrough 
and has an inner diameter of about 2.5 cm and a thick- 
ness of about 1 mm. Also disposed within the cham- 
ber 30 is an elongated quartz halogen lamp 56 which 
parallels the path of the optical fiber and which emits 
ultraviolet radiation that is used to cure the coating 
material or materials. The lamp 58 and the quartz tube 
54 through which the fiber is moved are located at the 
focii of elliptical mirrors 59-59 to ensure that substan- 
tially all of the periphery of a moving optical fiber is 
impinged by light emitted by the lamp 58. 

The quartz tube 54 through which the optical fiber 
is moved is transparent to ultraviolet radiation from 
the lamp. Consequently, the use of such a tube does 
not impair the curing of the coating material on the 
moving optical fiber. The ultraviolet curing of the coat- 
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ing materials on the optical fiber is accomplished with 
energy in the wavelength range of about 200 to 400 
run. 

Positioned adjacent to the exterior of the curing 
chamber 30 is a magnet system 60. The magnet sys- 5 
tern may comprise two bar magnets 62-62 or elec- 
tromagnets which are aligned with the quartz tube 54. 
Because the magnets are positioned outside the 
chamber 30, they do not interfere with the reflected 
light and hence do not impair the curing step. 10 

Referring now to FIG. 5, there is shown a com- 
parison of the equilibrium modulus of a UV curable ink 
achieved at different UV dose levels with and without 
the simultaneous application of a magnetic field. A 
curve designated 70 represents the plot for the curing 15 
of the coating materials without exposure to a mag- 
netic field. A curve designated 72 represents the plot 
for the curing of the coating materials with the simul- 
taneous exposure to a magnetic field. FIGS. 6, 7, and 
8 depict different equilibrium modulus levels of optical 20 
fiber UV curable coating materials at varying UV dose 
levels with and without the simultaneous exposure to 
a magnetic field. In FIGS. 5, 6 and 7. the broken lines 
at enhanced levels represent coating material subjec- 
ted simultaneously to curing light energy and to a 25 

magnetic field. 

Histograms in FIGS. 9 and 10 depict the percent- 
age increase in equilibrium modulus of optical fiber 
coating materials with the simultaneous application of 
a magnetic field at varying UV dose levels. The his- 30 
togram in FIG. 11 depicts the percentage increase in 
equilibrium modulus of a UV curable ink with the sim- 
ultaneous application of a magnetic field. 

Although this invention has been described In 
terms of enhancing the cure speed of optical fiber 35 
coatings, the invention is not so limited. For example, 
it would be used to alter the cure speed of light curable 
materials which have been applied to any substrate 
material such as floor coverings, for example. 

It is to be understood that the above-described 40 
arrangements are simply illustrative of the invention. 
Other arrangements may be devised by those skilled 
in the art which will embody the principles of the inven- 
tion and fall within the spirit and scope thereof. 



Claims 

1. A method of producing an article which includes 

a light energy cured coating material, said so 
method including the steps of: providing a sub- 
strate, causing a light energy curable material to 
be applied to the substrate, said method being 
characterized by the steps of; 

exposing the substrate which includes the 55 
light curable material to light energy to cure the 
light curable material; while 

exposing simultaneously the light curable 



material to a magnetic field to change the rate at 
which the light curable material is cured. 

2. A method of producing optical fiber, said method 
include the steps of: providing an optical preform, 
suspending the optical preform, drawing optical 
fiber from the preform while the preform is subjec- 
ted to heat energy, and taking up the drawn opti- 
cal fiber, applying at least one layer of a light 
curable coating material to the drawn fiber, said 
method being characterized by the steps of 

exposing the drawn coated fiber to light 
energy to cure the coating material; while 

exposing simultaneously the drawn 
coated fiber to a magnetic field; and 

taking up the drawn coated optical fiber. 

3. The method of claim 2, wherein said magnetic 
field has a strength of at least about 2000 Gauss 
and is sufficient to afford significant enhancement 
of polymerization of said at least one coating ma- 
terial. 

4. The method of claim 3. wherein the coating ma- 
terial is a visible light curable material. 

5. The method of claim 3, wherein the coating ma- 
terial is an ultraviolet light curable material. 

6. The method of claim 2 t wherein an inner layer and 
an outer layer of coating material are applied to 
the optical fiber and wherein the inner and the 
outer layers of coating materials are applied sim- 
ultaneously. 

7. The method of claim 2,wherein an inner and an 
outer layer of coating material are applied to the 
optical fiber and wherein the inner and the outer 
layers of coating materials are applied succes- 
sively. 

8. An apparatus for producing optical fiber, said 
apparatus including: means for causing optical 
fiber to be drawn from a preform, 

means for applying a light curable coating 
material to the drawn optical fiber, means for 
causing the coating material to be cured; and 
means for taking up the drawn coated optical 
fiber. 

said apparatus being characterized by 
means for exposing the coated optical 

fiber to a magnetic field simultaneously with the 

curing of the coating material. 

9. The apparatus of claim 11, wherein said curing 
means includes a quartz tube through which the 
optical fiber is moved and a housing within which 
said radiation means and said tube are positioned 
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and wherein said housing extends along a path of 
travel of the drawn fiber, said housing having an 
elliptical cross section. 

1 0. The apparatus of claim 9, wherein said means for 
exposing the coated optical fiber to a magnetic 
field includes two bar magnets which are posi- 
tioned external to said housing and which are 
coextensive in length with said housing. 
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FIG. 3 
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(g) Methods of and apparatus for making coated optical fiber. 

(g) In the manufacture of coated optical fiber, 
fiber (21) is drawn from a preform (22) and 
coating with one or preferably two layers (42.44) 
of light curable coating materials. Afterwards, 
the coating materials are cured. Increases in 
manufacturing line speed may be achieved if 
the cure speed of the coating materials is in- 
creased. This is accomplished by the simul- 
taneous application of a magnetic field during 
irradiation of the curable coating materials to 
enhance the crosslinking of the coating mate- 
rials by a free radical polymerization mechan- 
ism. Upon absorption of light, a photoinitiator in 
each composition cleaves to produce two free 
radical fragments in the spin paired or singlet 
state. The magnetic field has the effect of en- 
hancing the production of spin parallel radicals 
which enhances the polymerization initiation of 
the coating material, thereby allowing an in- 
crease in the manufacturing line speed through 
drawing and coating apparatus. 
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